Five barrows with an average initial BW of 45 kg and fi tted with a T-cannula at the distal ileum were fed 5 diets to determine the standardized ileal digestibility (SID) of AA in corn (Zea mays) distillers' dried grains (DDG), DDG with solubles (DDGS), high-protein DDG (HPDDG) and high-protein DDGS (HPDDGS). On a DM basis, the test ingredients contained 33.7% CP, 19.2% ADF, and 53.1% NDF for DDG; 30.3% CP, 11.8% ADF, and 40.6% NDF for DDGS; 62.5% CP, 28.4% ADF, and 45.1% NDF for HPDDG; and 52.4% CP, 17.4% ADF, and 30.4% NDF for HPDDGS. The 5 diets consisted of a N-free diet (NFD) and 4 semipurifi ed diets, in which the test ingredient was the sole protein source with chromic oxide added at 5 g/kg as an indigestible marker, and fed for each of 5 periods. The NFD was used to determine basal endogenous AA losses. Each period consisted of a 5-d adjustment period and 2 d of ileal digesta collection for 10 h on each of day 6 and day 7. Amino acids in the test ingredients were well digested by pigs and SID of Lys for DDG, DDGS, HPDDG, and HPDDGS were 88.6, 79.9, 94.6, and 85.8%, respectively. Corresponding values for were Met 93.9, 92.8, 97.1, and 94.6%. The SID of Lys was greater (P < 0.05) in HPDDG than DDGS. In general, digestibility of AA in the high-protein coproduct of the dry grind processing of corn into ethanol was 2 to 8 percentage units more than in the regular coproduct and 2 to 9 percentage units less in the coproduct with added solubles.
INTRODUCTION
Appropriate, timely, and effi cient use of feed ingredients in swine diets requires information on profi le and use of nutrients in the ingredient. Corn distillers' dried grains with solubles (DDGS) is obtained by drying the wet distillers' grains and the condensed distillers' solubles during the dry grind processing of corn for ethanol production. Fractionation or lack thereof prior to or following fermentation results in corn distillers' dried grains (DDG), DDGS, high-protein DDG (HPDDG), and high-protein DDGS (HPDDGS). Use of AA in these coproducts must be known to fully appraise the importance of AA concentration. The objective of this study was to determine the AA digestibility of DDG, DDGS, HPDDG, and HPDDGS for pigs.
MATERIALS AND METHODS
Purdue Animal Care and Use Committee approved all animal procedures. The treatments consisted of 4 test diets containing 1 of DDG, DDGS, HPDDG, or HPDDGS as the sole source of protein and a N-free diet (NFD) for estimating basal endogenous AA losses. Four 18%-CP diets were semipurifi ed containing mainly cornstarch, dextrose, and the distillers coproduct as the only protein source. Five crossbred barrows were surgically fi tted with a simple T-cannula as described by Dilger et al. (2004) . All the pigs were housed in metabolism crates (1.22 by 1.22 m) with low-pressure, automatic waterers and 12-h light-dark cycle. The 5 barrows were assigned to 5 dietary treatments in a 5 × 5 Latin Square design involving 5 periods. Each period consisted of a 5-d acclimation to feed and a 2-d ileal digesta collection. Daily feed allowance was set as 3% of the BW of the lightest pig at the beginning of each period and was divided in 2 equal portions at 0700 and 1700 h. Ileal digesta were collected from 0700 to 1700 h on days 6 and 7 of each period by attaching a plastic bag containing 10 mL of 5% HCOOH to the cannula with a rubber O-ring.
The ileal digesta samples were pooled for each pig within each period, subsampled, freeze-dried, and ground to pass through a 0.5-mm screen prior to analyses. Samples were dried at 105°C in a drying oven (Precision Scientifi c Co., Chicago, IL) for 24 h to determine DM content. Nitrogen content was determined by the combustion method (Model FP-2000 N Analyzer; LECO, St Joseph, MI) . Chromium content was determined by digesting the samples in concentrated HNO 3 and 70% HClO 4 and absorption was measured at 440 nm using spectrophotometer (Spectronic 21 D; Milton Roy Co., Rochester, NY). All AA analyses were conducted at the University of Missouri Experiment Station Chemical Laboratory [AOAC Method 982.30 E (a, b, c)].
The equations for digestibility calculation were (Zhai and Adeola, 2011) apparent ileal digestibility (AID) = [1 -(Cri/Cro) × (AAo/AAi)] × 100%, EL = AAo × (Cri/Cro), and standardized ileal digestibility (SID) = AID + (EL/ AAi) × 100%, in which Cri and Cro are the chromium concentration of diet and ileal output, respectively (mg/ kg of DM), AAi and AAo are the AA concentration of diet and ileal output, respectively (mg/kg of DM), and EL is the basal ileal endogenous loss of an AA (mg/kg DMI). The equations for AID and SID were also used for N digestibility calculation with AA replaced by N. Data were analyzed using the GLM procedures of SAS as a 5 × 5 Latin square design and least-squares means were separated using Newman-Keul's test with an α level of 0.05.
RESULTS AND DISCUSSION
As a consequence of the fractionation process, the high-protein coproducts (HPDDG and HPDDGS) contained more protein and less oil and P than the regular coproducts (DDG and DDGS). Crude protein and ADF were approximately 84 and 47%, respectively, more in the HPDDG than the DDG samples used in the current study (Table 1) . For HPDDGS vs. DDGS, CP and ADF were 74 and 48% higher. New processes that more effi ciently use starch from grain cereals in the dry grind processing of corn for ethanol production result in new feed coproducts. Appropriate use of any new coproduct in swine diets requires information on nutrient use and profi le. During dry grind ethanol processing, DDGS is obtained by drying 2 products streams, namely the wet distillers' grains and the condensed distillers' solubles, in a ratio that varies from plant to plant. Backend (postfermentation) or front-end (prefermentation) fractionation process separates fractions into protein, oil, and fi ber subunits and produces a high-protein coproduct: HPDDG or HPDDGS. Predictably, the AA concentrations of HPDDG or HPDDGS are considerably Means in the same row with different superscripts differ at P < 0.05. higher than those of DDG or DDGS and higher in DDG or HPDDG than in DDGS or HPDDGS because no solubles are added back to the DDG or HPDDG as is the case for DDGS or HPDDGS (Table 1) . Basal endogenous losses of AA ranged from 82 mg/ kg DMI for Met to 3390 mg/kg DMI for Pro (footnote 2 in Table 2 ). Proline and Gly (1122 mg/kg DMI) were the 2 most abundant endogenous AA in endogenous fl ow and together accounted for approximately 42% of the total endogenous AA fl ow. The least abundant AA in endogenous AA fl ow were Met and Trp (89 mg/kg DMI), which together accounted for less than 2% of the total endogenous AA fl ow. Standardized ileal digestibilities of AA in DDG, DDGS, HPDDG, and HPDDGS for pigs are presented in Table 2 . Addition of condensed distillers' solubles to the distillers' grains tended to reduce (P < 0.1) SID of AA, and high-protein distillers' grains tended to have a higher (P < 0.1) SID of AA than DDG or DDGS. The SID of the indispensable AA Ile, Lys, Met, and Thr and the dispensable AA Tyr in HPDDG were higher (P < 0.05) than those of DDGS ( Table 2 ). The high-protein coproducts of corn processing into ethanol used in the current study were derived from dehulling and degerming the corn before the fermentation process. Removal of much of the fi ber and oil (in the germ, in which most of the P is concentrated) prior to fermentation changes composition of HPDDG compared with the DDG. The SID for most AA in HPDDG and HPDDGS determined in this experiment are greater than the average values reported in a review article (Stein and Shurson, 2009 ). The lowest SID in coproducts of corn processing into ethanol was for Lys. Some of the Lys may have been damaged by the heat applied to the product during dehydration process following the addition of condensed distillers' solubles. Heat damage reduces both the concentration and the digestibility of Lys (Pahm et al., 2008) . In conclusion, AA digestibility of the high-protein coproducts of corn processing into ethanol contain is 2 to 8 percentage units more than that of the conventional counterparts.
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